The fission isomers were first discovered in the experiments of . 1,2) . .
Polikanov, Flerov et al. , and they have been studied extens1vely 1n more recent experiments 3 ). Seve~al attempts have been made to identify them with the shape isomeric state corresponding to a secondary minimum (largely along the axis of quadrupole distortions) that has been found to occur in the total potential-energy surface plotted as a function of deformations: Thus instead of the conventional picture of an one-peaked energy barrier along the deformation path leading to fission, one has a two-peaked barrier where betw·een the two peaks there is a secondary minimum at a higher energy than the ground state minimum but prevented from decaying to the ground state or fissioning by the two energy peaks.
Probably the first of the attempts to theoretically locate the minimum in this part of the potential-energy surface are the early publications of Strutinsky 4 ) and Gustafson et al. 5 ). The first paper treats the nuclear potential by a first-order perturbation theory, but the new and very fruitful idea of the renormalization of the total single-particle energy to the liquid-drop model by a method sometimes ~ited as the "Strutinsky Prescription"
is there introduced. The purpose.of the procedure quoted is to correct for the unrealistic behaviour of the absolute values of the total single-par~icle energy as a function of deformation and mass number, and it has been the method employed in all relevant subsequent calculations of the fission barrier based on the single-particle model. To describe the liquid-drop energy this paper employed an expansion in the deformation parameter E, which has a poor convergence so tnat the second pe~k of the two-peaked barrier is somewhat -3-UCRL-18963
suppressed. 5· In the second paper ) a weak secondary minimum can be found for a series of nuclides at about the right distortion. For computational reasons the calculation was only ca~ried so far in distortion as to the beginning of the second peak. This paper 5 ) is based on the modified oscillator model without renormalization to the liquid drop model. In recent calculat1ons ' ) also P 3
and P 6 shapes have been considered in addition to the gamma (rotationally asymmetric) degree of freedom 12 ).
However the E and coordinates presently appear to be the most relevant ones for the barrier penetration problem.
In these calculations, in accordance with the Strutinsky prescription, the averaged energy is subtract~~ out from the sum of the single-particle energies. The remaining energy is referred to as "the shell contribution".
To this energy is then added the surface and Coulomb energy terms in the 
The existence of the two-peak structure of the potential-energy barrier is sometimes described as due to a "secondary shell effect", the "primary shell effect" being responsible for the ground-state deformations. If this effect occurs at or near the liquid-drop saddle point, the peaks will be of about equal height.
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The secondary minimum is found to occur in the region of deformation E = 0.35 to 0.75 depending on the N and Z values of the nucleus considered.
As we go along the stability line in the periodic table from small-A to large-A nuclei, the fissility parameter x increases and the liquid-drop saddle point will move from large E to small E. For the rare-earth region near beta stability the liquid-drop saddle points are located beyond E = 1.0, whereas in the actinide region they are located between E ~ 0.5 and E ~ 0.9. Thus it appears that the two-peaked structure in the fission barrier will be prominent in the actinide region. Another favourable region with similar x-values is that of neutron deficient nuclides with Z ~ 82. In fig. 9 we exhibit theoretical half-lives for fission decay through the outer barrier peak. These half-lives have been computed in the following
way. An effective experimental inertial mass parameter Beff is calculated by employing the empirical ground state half-lives and our calculated barriers The half-lives for penetration through the inner peak is, in many cases, shorter than those through the outer peak. However in almost all the cases the "subsequent" gamma-decay process is probably decisive for the actual halflives for the mode of decay involving the inner barrier.
Besides·the comparison of our theoretical fission half lives to the experimental values, one could also look at the isomer excitation energies and the barrier heights. In the cases where comparison of the e~citation energy can be made, the agreement is remarkable, as shown by Lark and co-workers 3 ). The highest barrier pe:a.k.. in the heaviest actinides is also approximately reproduced as shown in the same reference. Th. It appears from these barrier shapes that the shape isomeric state would probably favor penetration through the small inner peak and subsequent gamma-decay to the ground state rather than fissioning through the much larger outer peak.
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Recently it is reported ) that fission isomers are detected in this region.
F~ explanation may be as below.
Although the half-life for penetration through the inner peak can be estimated to be so short compared with that for the penetration through the second peak, the subsequent gamma decay process will determine the half-life of transition back into the ground state. This in turn depends on the detailed microscopic character of the collective fission state. A considerable delay may be expected which might possibly make the fission decay through the outer barrier competitive. Furthermore we have overestimated the outer peak due to insufficient parametrization. Thus while the parametrization error is negligible at E ~ 0.6, it grows to nearly one MeV already at E ~ 0.85. A large number of new shape isomeric states are expected to arise in the odd-even and odd-odd nuclei due to the odd-nucleon effects. As the condition of conservation both of parity and of angular momentum along the axis of deformation has to be upheld, the potential-energy surface is liable to exhibit an even larger number of local minima. The ones already present in the neighboring even-even cases may be considerably deeper due to the effect of the odd-particle. This contention is well borne out by calculations presently being performed 21 ).
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